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(54) Illumination system and display device 

(57) An illumination system comprises a polariza- 
toi selective holographic element (18) comprising at 
least one optically anisotropic material arranged to sep- 
arate light of a first polarization type from light of a sec- 
ond polarization type, and means (12 20 22 26) for 
converting light of at least one of the first and second 
polarization types to light of a common polarization type 
Where the polarization selective holographic element 



• May, Paul 
Dullingham CB8 9UH (GB) 

• Walsh, Kathryn 
Caversham, Reading (GB) 

(74) Representative: Pearce, Anthonv Richmond 
MARKS & CLERK, 
Alpha Tower, 

Suffolk Street Queensway 
Birmingham B1 1TT (GB) 



(1 8) separates two orthogonal components of plane po- 
prized light from one another, the converting means 
may comprise a polarization rotator, for example a half 

22)and a reflector (12 : 26) arrangedto reflect light back 
through the quarter wave plate (22). Where the polari- 
zation selective holographic element separates oppo- 
site handed components of circularly polarized light the 
converting means may comprise a reflector (12 26) 
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of a. least one of the firs! and second polarization 
types into light of the common polarization type. 

14. An illumination system as claimed in Claim 13 char- 
acterised in that the polarization rotalors (20aj com- 
prise half wave plates. 

15. An illumination system as claimed in Claim 13 or 
Claim 14, characterised in that the array (20) of po- 
larization rotators (20a) lorms a patterned polariza- 
Hon rotator including first regions (20a) which con- 
vert light of the second polarization type to light of 
the first polarization type and second regions (20b) 
which do not affect the polarization of light inciden 
thereon. 

1.6. An illumination system as claimed in any one of 
ClHims 12 to 15, characterised in that the holo- 
SKipnic element (18) is arranged to transmit light of 
« liisi wHvelength in the first direction and light or a 20 
w-'cund wavelength in the second direction. 

17- A , rfiumination system as claimed in Claim 16, char- 
aciensed in that the holographic element (IB) rs ar- 
ranged to transmit light of at least one further wave- 2s 
length .n at least one further direction different from 
ihe first and second directions. 

1 8. An illumination system as claimed in any one of the 
preceding claims, characterised by a light source 30 
( 0) arranged to emit light towards the holographic 
element (18). BV 

19. An illumination system as claimed in Claim 18 char- 
actered in that the light source (10) is arranged to 35 
emu substantially unpolarized light. 

20. An illumination system as claimed in any one of the 
preceding claims, characterised in that the holo- 
graphic element (18) comprises an optically in- 40 
auced birefringent polymer. 

21. An illumination system as claimed in any one of 
Claims 1 to 1 9, characterised in that the holographic 
element (18) comprises a stack of birefringent lay- 4S 
ers of material other than optically induced birefrin- 
gent polymer. 



22. An illumination system as claimed in any one of 
Claims 1 to 1 9, characterised in that the holographic 
element (18) comprises a cross-linked liquid crystal 
polymer. ' 



12 



10 



24. A display device characterised by an illumination 

Sc ^ in any ° ne of the P^ding 

claims and a spatial light modulator (14). 

25. A display device as claimed in Claim 24, when de- 
pendent on Claim 23, characterised in that the col- 
our selective holographic element (32) is integral 
with the spatial light modulator (14). 

26. A display device as claimed in Claim 24 or 25 char- 
acter sed in that the spatial light modulator compris- 
es a liquid crystal display device (14). 



so 



23. An illumination system as claimed in any one of 
Cla.ms 1 to 11 andClaims 18 to 22, further compris- ss 
mg a patterned colour selective holographic ele- 
ment (32) 
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play in order to avoid cross-talk between the cells of the 
liquid crystal display intended to display light of different 
colours. 

Since a holographic film of 1 0 jam thickness and re- 
fractive index variation, An, of 0.2 can reflect substan- 
tially 1 00% of light of a particular colour, each of the lay- 
ers 32a, 32b is of thickness approximately 10 um, the 
layer 32 having a total thickness of approximately 20 
jim. In order to achieve an angular field of view of plus 
or minus 60° , the cholesteric pixel size is limited to at 
least 70 um By offsetting the layers 32a, 32b, the min- 
imum reflective pixel size of the layer 32 is halved, per- 
mitting the use of a liquid crystal display therefore having 
a pixel size of 35 urn or more. 

The angular acceptance bandwidth of a single 10 
ujti thick hologram with refractive index variation, An, of 
0.2 is typically only ± 20° which is less than the typical 
angular field of view of a liquid crystal display. By pro- 
viding a multiplicity of holograms of slightly different 
pilch within the same region of the holographic elements 
18, 32, it may be possible to increase the field of view 
for the holographic elements. Alternatively, the diffuser 
or other element(s) of the backlight or edgelight could 
be arranged to have a limited angular diffusing range so 
that the light within tho illumination system remains with- 
in the acceptance bandwidth of the holographic ele- 
ments 18, 32. To increase the angular field of view of 
the liquid crystal display device, a second diffuser may 
be placed after the liquid crystal display. 

Where the illumination system is used in conjunc- 
tion with a liquid crystal display requiring linearly polar- 
ized light rather than circularly polarized light, a pat- 
terned quarter wave plate or broadband quarter wave 
plate may be placed after the patterned holographic el- 
ement 32 in orderto convert the circularly polarized light 
into linearly polarized light. Such a patterned quarter 
wave plate may be fabricated Irom a polymer which 
shows photo induced birefringence of the type de- 
scribed in Eurodisplay Conference Proceedings, LCT4 
(1993). 



Claims 

1 . An illumination system for a display device compris- 
ing a polarization selective element (18) arranged 
to separate light of a first polarization type from light 
of a second polarization type, and means (12, 20, 
22, 26, 32) for converting light of at least one of the 
first and the second polarization type into light of a 
common polarization type, characterised in that the 
polarization selective element (18) is a holographic 
element (18) comprising at least one optically ani- 
sotropic material. 

2. An illumination system as claimed in Claim 1 , char- 
acterised in that the holographic element (18) is of 
thin, substantially planar form. 



3. An illumination system as claimed in Claim 2, char- 
acterised in that Ihe holographic element (18) is 
substantially parallel to the converting means (12, 
20, 22. 26, 32). 

5 

4. An illumination system as claimed in any one of the 
preceding claims, characterised in that the convert- 
ing means (12, 20, 22, 26, 32) is arranged to convert 
light of the second polarization type to light of the 

10 first polarization type. 

5. An illumination system as claimed in any one of 
Claims 1 to 4, characterised in that the holographic 
element (18) is arranged to separate one type of 

is elliptically polarized light from another type thereof. 

6. An illumination system as claimed in Claim 5, char- 
acterised in that the holographic element (18) is ar- 
ranged to separate one type of circularly polarized 

20 light from another lype thereof. 

7. An illumination system as claimed in any one of 
Claims 1 to 4, characterised in that the holographic 
element (18) is arranged to separate one type of 

zs plane polarized light from an orthogonal type there- 
of. 

8. An illumination system as claimed in any one of the 
preceding claims, characterised in that the holo- 

30 graphic element (1 8) is arranged to transmit light of 
the first polarization type and reflect light of the sec- 
ond polarization type. 

9. An illumination system as claimed in Claim 8 when 
35 dependent upon Claim 5, characterised in that the 

converting means comprises a waveplate (22) and 
a reflector (12, 26). 

10. An illumination system as claimed in Claim 8 when 
40 dependent upon Claim 6, characterised in that the 

converting means comprises a reflector (12, 26). 

11. An illumination system as claimed in Claim 9 when 
dependent upon Claim 7, . characterised in that the 

45 converting means comprises a quarter wave plate 
(22) and a reflector (12, 26). 

12. An illumination system as claimed in any one of 
Claims 1 to 7, characterise in that the holographic 

50 element (1 8) is arranged to transmit light of the first 
polarization type in a first direction and to transmit 
light of the second polarization type in a second di- 
rection different from the first direction. 

55 1 3. An illumination system as claimed in Claim 1 2 when 
dependent upon Claim 7, characterised in that the 
converting means comprises an array (20) of polar- 
ization rotators (20a) arranged to convert the light 
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of the other two colours. As shown in Figure 7 the two 
layers 32a, 32b of elements are arranged so that the 
elements of one layer are out of alignment with the ele- 
ments of the other layer The combined effect of the two 
layers 32a, 32b is to provide an elemem 32 in which only s 
one colour of light is transmitted by each part of the el- 
ement 32. The colours which are not transmitted by the 
element 32 are reflected back through the polarization 
selective holographic element 18 to be reflected by the 

reflector 26 and converted to right-handed circularly po- io 
larized light As described above, the right-handed light 
cannot pass through the polarization selective holo- 
graphic element 1B and is reflected thereby to be inci- 
dent once more on the reflector 26 where it is converted 
to left-handed circularly polarized light. This component is 
can then pass through the polarization selective holo- 
graphic element 18 to be incident upon the colour se- 
lective holographic element 32 as described above. Re- 
flectors 34 are provided in order to prevent or restrict 
the escape of light from the system other than through so 
the element 32. 



A liquid crystal display (not shown) is provided im- 
mediately adjacent the colour selective holographic el- 
ement 32, each pixel of the liquid crystal display being 
arranged to receive only one colour of light from the col- 2S 
our selective holographic element 32. It will be recog- 
nised that the colour selective holographic element acts 
as a replacement for a series of individual absorbing col- 
our filters. 

If desired, an array of absorbing colour filters may 30 
be provided between the element 32 and the liquid crys- 
tal display in order to absorb any light of the "wrong- 
colour passing through the element 32. Since the 
amount of light absorbed by such filters will be small 
the efficiency of the device will not be significantly re- as 
duced. These absorbing colour fitters also help in reduc- 
ing problems associated with light from outside of the 
system being reflected by the holographic elements. 

The embodiment of Figure 7 could be modified from 
the edgelit system illustrated to a backlit geometry, or 40 
alternatively a flat fluorescent lamp or edgelit system us- 
ing a solid light pipe and microprism reflector could be 
used. The embodiment may further be modified by in- 
cluding a holographic element which reflects one com- 
ponent of plane polarized light, transmitting the other 45 
component. 

The polarization selective holographic element 18 
used in each of the above described embodiments may 
be formed in a polymer using optically induced birefrin- 
gence, for instance using polarized light in a photoani- so 
sotropic thin polymeric film. Alternatively, it may com- 
prise a stack of birefringent layers fabricated by means 
other than holography. 

The holographic element 1 8 may be made using the 
technique disclosed in European Patent Application No. ss 
95306328.6 and illustrated in Figures 8 and 9. An 
aligned liquid crystal polymer layer 82 is provided be- 
tween a pair of glass substrates 84. The liquid crystal 



layer 82 is aligned using a suitable conventional tech- 
nique, for example by providing the glass substrates 84 
with rubbed polyamide alignment layers. The alignment 
layers may be arranged to cause the molecules of the 
liquid crystal material to align eith er in a direction parallel 
to the glass substrates 84, as shown or alternatively in 
a direction perpendicular to the glass substrates 84 

The liquid crystal layer 32 is irradiated from both 
sides by a pair of ultraviolet light beams 86 which inter- 
fere with one another to produce an interference pattern 
within the liquid crystal layer 82, the interference pattern 
extending substantially perpendicular to the glass sub- 
strates 84, and comprising a series of fringes. 

The irradiation of the liquid crystal layer 82 causes 
cross-linking of the cross-linkable liquid crystal polymer 
chains in those regions, such as 90, of the layer B2 
shown shaded where the interference pattern forms 
bright fringes but not in the regions 92 where the inter- 
ference pattern results in cancellation. The regions 90 
of the liquid crystal layer in which cross-linking occurs 
become fixed, the director 88 of such regions 90 no long- 
er reorienting, for example, on the application of an elec- 
tric field thereto. 

In order to fix permanently ihe interference pattern 
m the liquid crystal layer 82, the regions 92 are fixed with 
the directors 88 of the molecules of the regions 92 being 
oriented differently from the directors 88 of the mole- 
cules of the regions 90. One technique for achieving this 
is illustrated in Figure 9 wherein transparent electrodes 
94 are provided adjacent the glass substrates 84 and a 
voltage V is applied across the electrodes 94 in order to 
reorientate the molecules of those parts of the layer 82 
which are not fixed, i.e. the regions 92. Once the regions 
92 have been reorientated, the liquid crystal layer 82 is 
irradiated with ultraviolet light of uniform intensity. Such 
irradiation completely cross-links the liquid crystal poly- 
mers in the unfixed regions 92 so that, after the irradia- 
tion is complete, the liquid crystal layer 82 is fixed with 
the interference pattern forming a hologram therein. 

The initial irradiation step may result in some re- 
gions of the layer 82 being partially cross-linked, the ex- 
tent of cross-linking being dependent upon the intensity 
of the light incident thereon. The subsequent reorienta- 
tion and irradiation steps result in the partially cross- 
linked regions being fully cross-linked. The resulting pat- 
tern fixed in the material may be a continuous pattern 
or a pattern including discontinuities. 

As an alternative, after the initial irradiation step, the 
liquid crystal layer 82 may be heated to the isotropic 
phase and the layer 82 is uniformly irradiated to cross- 
link fully the unfixed regions 92 and any partially cross- 
linked regions. 

In each of the described embodiments, the polari- 
zation selective holographic element 18 may be spaced 
from the liquid crystal display. 

The colour selective holographic element in the em- 
bodiment of Figure 7, however, should be immediately 
adjacent or preferably integral with the liquid crystal dis- 
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through the quarter wave plate 22, the left-handed cir- 
cularly polarized light is converted to light of the polari- 
zation denoted by the dot, which can then pass through 
the polarization selective holographic element 18. 

The embodiments illustrated in Figures 1 to 3 are 
all backlight illumination systems. Figure 4 illustrates an 
edgelight system including a light source 10 comprising 
a fluorescent tube provided with a reflector 12, the flu- 
orescent tube being arranged to emit substantially un- 
polarized white light. Some of the light emitted by the 
fluorescent tube is incident directly upon a reflective po- 
larization selective holographic element 18 similar to 
that illustrated in Figure 3, the remaining unpolarized 
light being incident thereon after having passed through 
a quarter wave plate 22 and reflected by a reflector 26. 
In the embodiment of Figure 4, the polarization selective 
holographic element 18 is arranged to transmit the com- 
ponent of polarized light denoted by a dot, and to reflect 
the component denoted by a double headed arrow. The 
reflected light is incident upon the quarter wave plate 22 
where it is converted to circularly polarized light of a par- 
ticular handedness (for example right-handed circularly 
polarized light). The circularly polarized light is reflected 
by the reflector 26 and its polarization is converted to 
circularly polarized light of tho opposite handedness (for 
example left-handed circularly polarized) which s on re- 
turning through the quarter wave plate 22 5 is converted 
to plane polarized light of the polarization denoted by a 
dot. This component will then be transmitted by the po- 
larization selective holographic element 18. As with the 
Figure 3 embodiment, the light transmitted by the polar- 
ization selective holographic element 18 is incident up- 
on a polarization preserving diff user 24 which distributes 
the light to a liquid crystal display 14 including suitable 
colour filters denoted by the letters R, G and B in Figure 
4. 

Figure 5 illustrates an illumination system which 
comprises a light source 10 in the form of an array of 
fluorescent tubes arranged to emit white light, a mirror 
or reflector 12 being provided behind the array of fluo- 
rescent tubes to direct the emitted light towards a liquid 
crystal device 14. The light emitted by the fluorescent 
tubes is incident upon a reflective polarization selective 
holographic element 18 which is arranged to transmit 
circularly polarized light of one handedness, and to re- 
flect circularly polarized light of the opposite handed- 
ness. The reflected light is incident upon the reflector 
1 2, whereon it is converted to circularly polarized light 
of the opposite handedness. In the embodiment of Fig- 
ure 5, the polarization selective holographic element 1 8 
is arranged to transmit left-handed circularly polarized 
light (LH) and to reflect right-handed circularly polarized 
light (RH). The right-handed circularly polarized tight re- 
flected by the polarization selective holographic element 
1 8 is converted to left-handed polarized light on reflec- 
tion by the reflector 12 and is then transmitted by the 
polarization selective holographic element 18. The left- 
handed circularly polarized light transmitted by the po- 



larization selective holographic element 18 is incident 
upon a quarter wave plate 28 which converts the circu- 
larly polarized light to plane polarized light denoted in 
Figure 5 by a dot. The plane polarized light is incident 
5 upon a polarization preserving diff user 24 which distrib- 
utes the light to a liquid crystal display 14 including suit- 
able colour filters. 

The illumination system illustrated in Figure 6 is an 
edgelight system similar to the backlight system of Fig- 
10 ure 5. Some of the unpolarized light emitted by the light 
source 10 is incident upon a reflective polarization se- 
lective holographic element 18 which is arranged to 
transmit left-handed circularly polarized light (LH) and 
reflect right-handed circularly polarized light (RH). The 
is remaining unpolarized light is incident upon the reflec- 
tive polarization selective holographic element 18 after 
having been reflected by reflector 26. The right-handed 
polarized light reflected by the polarization selective ho- 
lographic element 18 is incident upon the mirror 26 
whereon it is converted to left-handed circularly polar- 
ized light which, when incident on the polarization se- 
lective holographic element 18, is transmitted thereby. 
The left-handed circularly polarized light transmitted by 
the polarization selective holographic element 18 is in- 
cident upon a quarter wave plate 28 which converts the 
light to plane polarized light denoted by a dot in Figure 
6. This light is incident upon a polarization preserving 
diffuser 24 which distributes the plane polarized light to 
a liquid crystal display 14 including suitable colour fil- 
ters. 

Figure 7 illustrates an illumination system which 
comprises a light source 10 taking the form of a fluores- 
cent tube which emits white light, the red, green and blue 
components of which are denoted by R, G and B. The 
fluorescent tube is similar to that used in the embodi- 
ment illustrated in Figure 1 . Some of the light emitted by 
the fluorescent tube is incident upon a diffuser 30 which 
distributes the light evenly, the remaining light being in- 
cident thereon after reflection by a reflector 26. The light 
is then incident upon a polarization selective holograph- 
ic element 18 which is arranged to transmit left-handed 
circularly polarized light (LH) and to reflect right-handed 
circularly polarized light (RH). The reflected light is inci- 
dent upon the reflector 26 where it is converted to left- 
handed circularly polarized light which can then pass 
through the polarization selective holographic element 
18. The left-hanr'cd circularly polarized light which is 
transmitted by the polarization selective holographic el- 
ement 18 is incident upon a patterned colour selective 
holographic element 32. 

The colour selective holographic element 32 com- 
prises a first layer 32a of elements each of which is ar- 
ranged to reflect light of one colour and to transmit the 
other two colours of light, the letters R, G and B denoting 
that red, green and blue light is reflected, respectively. 
Immediately adjacent the first layer 32a is a second lay- 
er 32b of elements. Each of these elements is also ar- 
ranged to reflect light of one colour and to transmit light 
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Figure 7 is a view of a seventh embodiment of the 
invention; and 



Figures 8 and 9 are schematic illustrations of some 
of the steps for making a holographic element in a 
liquid crystal polymer. 

The illumination system illustrated in Figure 1 com- 
prises a light source 10 in the form of an array of fluo- 
rescent tubes or a serpentine tube. The fluorescent 
tubes are arranged to emit white light composed of red 
green and blue components of wavelength falling within 
bands of approximately 20 nm width centred at 6 1 0, 540 
and 450 nm, respectively. A reflector 12 such as a me- 
tallic mirror is provided behind the fluorescent tubes in 
order to direct the light towards a liquid crystal display 
14. The light emitted by the fluorescent tubes is incident 
upon a diffuser 15 to provide a uniform intensity, and a 
lenticular array 16 which focuses the transmitted light 
onto the cells of the liquid crystal display, reducing the 
amount of light lost due to the light becoming incident 
upon the circuit elements of the liquid crystal display. 

The light transmitted by the lenticular array 1 6 is in- 
cident upon a thin transmissive polarization selective 
holographic element 18 which separates the light inci- 
dent thereon into its three primary colours and sepa- 
rates each colour of light into the two orthogonal planar 
polarization states. US 5161039 describes a transmis- 
sive polarization selective holographic element suitable 
for use in this embodiment. 

In Figure 1 the two polarization components are de- 
noted by a double headed arrow and a dot. The light 
transmitted by the polarization selective holographic el- 
ement 18 is incident upon a patterned half wave plate 
20 or other patterned polarization rotation device ar- 
ranged substantially parallel to the polarization selective 
holographic element 18. The half wave plate 20 is pat- 
terned so as to include regions 20a which rotate the axis 
of polarization of light incident thereon by 90° and re- 
gions 20b which do not affect the polarization of light 
incident thereon. 

As shown in Figure 1 , the component of light of one 
polarization is separated from the other component, one 
component passing through the regions 20b which do 
not affect the polarization of light incident thereon, the 
other component passing through the other regions 20a 
of the half wave plate 20. In the Figure 1 embodimenT 
the component denoted by the dots is not affected by 
the half wave plate 20, the component denoted by the 
double headed arrows being rotated by 90°. 

In addition to separating the two components of po- 
larization from one another, the polarization selective 
holographic element 18 diffracts the different wave- 
lengths of light by different amounts. The pixels of the 
liquid crystal display 14 are arranged so that each pixel 
receives light of one wavelength from the polarization 
selective holographic element 18. With this arrange- 
ment, there is no need to provide colour filters for the 



liquid crystal display 14. 

The embodiment illustrated in Figure 2 is similar to 
that of Figure 1. the polarization selective holographic 
element 1 8 being arranged merely to separate the two 
components of plane polarization from one another 
With this embodiment, the light source 10 is arranged 
to emit white light Since each of the pixels of the liquid 
crystal display 14 receives white light, colour filter ele- 
ments are required for each of the pixels, the colour filter 
™ elements being denoted by the letters R, G and B in Fio- 
ure 2. y 

The embodiments illustrated in Figures 1 and 2 may 
be modified by using a transmissive polarization selec- 
tive holographic element which transmits the two com- 
ponents of circularly polarized light in different direc- 
tions, suitable polarization converting means being 
used instead of the patterned half wave plate 20. 

The illumination device illustrated in Figure 3 com- 
prises a light source 1 0, comprising an array of fluores- 
cent tubes arranged to emit white light, and a reflector 
12 behind the fluorescent tubes to reflect the light to- 
wards a liquid crystal display device 14. Light emitted 
by the fluorescent tubes is incident upon a quarter wave 
plate 22. Since the light emitted by the fluorescent tubes 
25 is substantially unpolarized, the quarter wave plate 22 
does not have any effect on the polarization state of the 
light. The light transmitted by the quarter wave plate 22 
is incident upon a reflective polarization selective holo- 
graphic element 18 which transmits one component of 
30 plane polarized light and reflects light of the orthogonal 
polarization. The reflected, now plane polarized, light is 
incident on the quarter wave plate 22 where it is con- 
verted to circularly polarized light of a particular hand- 
edness which, on being reflected by the reflector 12 is 
3S converted to circularly polarized light of the opposite 
handedness. On returning through the quarter wave 
plate 22, the reflected light is converted to plane polar- 
ized light having its axis of polarization perpendicular to 
the axis of polarization which is reflected by the polari- 
40 zation selective holographic element 18. The polariza- 
tion of the reflected light incident upon the polarization 
selective holographic element 18 is now of the type 
transmitted thereby The light transmitted by the polari- 
zation selective holographic element 1 3 is incident upon 
45 a polarization preserving diffuser 24, which acts to dis- 
tribute the light evenly. The light is then incident upon 
the liquid crystal display 14 which includes an array of 
colour filters as denoted by the letters R, G and B. 
In the embodiment illustrated in Figure 3, the polar- 
*> ization selective holographic element 1 8 is arranged to 
transmit the component of light denoted by a dot and to 
reflect the component denoted by a double headed ar- 
row. On returning through the quarter wave plate 22 the 
component denoted by the double headed arrow is con- 
55 verted to circularly polarized light of a particular hand- 
edness, for example right-handed circularly polarized 
light which on reflection by the reflector, is converted to 
left-handed circularly polarized light. On passing 
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Description 

This invention relates to an illumination system for 
a display device, for example a backlight or edgelight' 
for a liquid crystal display device, and to a display de- 
vice. 

In current liquid crystal display devices, the back- 
light or edgelight which illuminates the liquid crystal de- 
vice must be polarized. The backlight or edgelight con- 
sists of a number of fluorescent tubes which emit unpo- 
larized light, the light passing through a polarizer which 
absorbs light of one polarization, the remaining light be- 
ing incident upon a liquid crystal display. It will thus be 
recognised that approximately 50% of the light emitted 
by the backlight or edgelight is absorbed before reach- 
ing the liquid crystal display. 

Additionally, since colour liquid crystal display de- 
vices comprise pixels consisting of a triad of liquid crys- 
tal celts each of which is associated with a filter that 
transmits either red, green or blue light, approximately 
two thirds of the light transmitted by the polarizer is ab- 
sorbed by the filters. 

As a consequence of these two effects, approxi- 
mately 85% of the light emitted by the backlight or edge- 
light is absorbed before reaching the liquid crystal dis- 
play. 

In order to reduce the above described problems, 
devices have been proposed in which one polarization 
of light incident thereon is converted to match the or- 
thogonal polarization, the output polarized light then be- 
ing suitable for use in illuminating a liquid crystal display 
device. 

Such a device is described in EP 0467447, the de- 
vice being relatively bulky and suitable for use in a pro- 
jection display system. 

US 5221 982 discloses an optical element for polar- 
izing light incident thereon, and transmitting different 
wavelength components of the incident light at different 
locations, thus removing or reducing the necessity for 
absorbing colou r filters to be provided adjacent the liquid 
crystal layer of a colour liquid crystal display device. The 
device uses cholesteric materials in order to separate 
the different wavelengths and polarization components 
from one another, and is of a relatively complex nature. 

An illumination system for a colour display is also 
described in US 4798448, the system including a bire- 
f ringent medium arranged to separate the two orthogo- 
nal polarizations of plane polarization light from one an- 
other. The light transmitted by the birefringent medium 
is incident upon a diffraction grating which diffracts the 
different wavelengths of light incident thereon by differ- 
ent amounts, separating the light into different colours. 
The light transmitted by the diffraction grating is incident 
upon a patterned half wave plate having first regions 
which do not alter the polarization of light incident ther- 
eon, and second regions arranged to rotate the polari- 
zation axis of light incident thereon by 90°. The pat- 
terned half wave plate is arranged so that substantially 



all of the light of one polarization component is incident 
upon the first regions, light of the orthogonal polarization 
being incident upon the second regions. The light trans- 
mitted by the patterned half wave plate is therefore of 
5 uniform polarization, and is separated so that different 
wavelengths of light are incident upon different parts of 
a screen or array of liquid crystal cells. This system has 
the disadvantage of being relatively bulky. 

EP 0 597 261, EP 0 573 905, and US 5 221 985 
io disclose illumination systems for displays in which un- 
polarised light is split into two orthogonally polarised 
components. One of the components is converted so as 
to match the polarisation of the other component. 

WO92/0991 5 discloses an illumination system for a 
is display using holograms. A first hologram separates the 
polarisations of an incident light beam. The resulting po- 
larised beam is focused by a second hologram on dif- 
ferent points of a screen. 

According to the present invention there is provided 
20 an illumination system as defined in appended Claim 1 . 

According to a second aspect of the invention, there 
is provided a display device as defined in the appended 
Claim 24. 

Preferred embodiments of the invention are defined 
25 in the other appended claims. 

It is thus possible to provide an illumination system 
of compact type which is suitable for use in flat screen 
liquid crystal display devices and which is of high effi- 
ciency since little light is absorbed therein. Such sys- 
30 terns are made possible by the use of optically aniso- 
tropic materials which allow the holographic element to 
work over the large angles and large spectral band- 
widths necessary for effective use as illumination sys- 
tems. 

35 The invention will further be described by way of ex- 
ample with reference to the accompanying drawings, in 
which like integers are denoted by like references, and 
in which: - 

40 Figure 1 is a diagrammatic view of an illumination 
system in accordance with a first embodiment of the 
invention; 

Figure 2 is a view similar to Figure 1 of a second 
45 embodiment; 

Figure 3 is a view similar to Figure 1 of a third em- 
bodiment; 

50 Figure 4 is a view of an edgelight system similar to 
the illumination system of Figure 3; 

Figure 5 is a view of an illumination system in ac- 
cordance with a fifth embodiment of the invention; 

55 

Figure 6 is a view of an edgelight system similar to 
the illumination system of Figure 5; 



25 



2 



4SDOCID: <EP 0720O40A2_l_> 



CM 
< 
O 

o 
o 

CM 

O 

Q_ 

LU 



(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



EP 0 720 040 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

03.07.1996 Bulletin 1996/27 

(21) Application number: 95309517.1 

(22) Date of filing: 29.12.1995 



(51) intci 6; G02F 1/1335 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 29.12.1994 GB 9426330 

(71) Applicant: SHARP KABUSHIKI KAISHA 
Osaka 545 (JP) 

(72) Inventors: 

• Davis, Gillian 
Abingdon, Oxon. OX14 1LZ (GB) 



• May, Paul 
Dullingham CB8 9UH (GB) 

• Walsh, Kathryn 
Caversham, Reading (GB) 

(74) Representative: Pearce, Anthony Richmond 
MARKS & CLERK, 
Alpha Tower, 

Suffolk Street Queensway 
Birmingham B1 1TT(GB) 



(54) Illumination system and display device 

(57) An illumination system comprises a polariza- 
tion selective holographic element (18) comprising at 
least one optically anisotropic material arranged to sep- 
arate light of a first polarization type from light of a sec- 
ond polarization type, and means (12. 20, 22, 26) for 
converting light of at least one of the first and second 
polarization types to light of a common polarization type. 
Where the polarization selective holographic element 



(1 8) separates two orthogonal components of plane po- 
larized light from one another, the converting means 
may comprise a polarization rotator, for example a half 
wave plate (20), or alternatively a quarter wave plate 
(22) and a reflector (1 2, 26) arranged to reflect light back 
through the quarter wave plate (22). Where the polari- 
zation selective holographic element separates oppo- 
site handed components of circularly polarized light, the 
converting means may comprise a reflector (12, 26). 
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